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"SURVEYS FOR SPACECRAFT TRACKING SITES 


By Robert C. Wigand,! ASCE 


‘SYNOPSIS 


‘Surveying procedures used in selection of sites for tracking s space vehicles 


involve new applications of celestial surveying and surveying mathematics. 
- Mapping the proposed trajectory is useful in selecting locationof stations, par- 
ticularly for tracking low-altitude satellites, Mapping may be accomplished by 

establishing an equation in spherical coordinates based on the trajectory cri- 4 


emg In comparative evaluation of sites, it is desirable to determine the ac- 
quisition and departure azimuths to the spacecraft, and to measure horizon 

clearances so that the effect of obstructions to tracking may be compared, 


| Special requirements also pertain to geodetic and layout surveys of these sites. 


s cedraft tracki 
INTRODUCTION 


of word ‘ “spacecraft” to technical vocabulary provides 


convenient term to designate vehicles in earth orbit or on a departure trajec- 
tory frornthe earth. - This paper describes the principal surveying procedures 


; os in the selection of sites for s spacecraft tracking stations, with emphasis 


-Note.—Discussion open until December, 1, 1961. To extend the closing date one 
month, a written request must be filed with the Executive Secretary, ASCE. This paper 
is part of the copyrighted Journal of the Surveying and Mapping Division, Proceedings 7 
_ of the American Society of Civil Engineers, Vol. 87, , No. SU 2, July, 1961. al 

_ 1 Asst. Field Supervisor, Burns and Roe, Inc., New York, N. aoe kilt 

2 Testimony by T. Keith Glennan, Administrator, Natl. Aeronautics and Space Ad-— 
"ministration before the NASA Authorization Subcommittee of the Senate Committee on 


Aeronautical and Space Sciences, March 28, 1960. ee eee 
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on applications of celestial surveying and that are 


_ Surveying is applied to several phases of tracking station site selection. 
| These include 1. mapping of the proposed spacecraft trajectory, 2. deter-— 
mination n of acquisition azimuths, 3, measurement of horizon clearances, 4, 
THE PROPOSED TRAJECTORY 
- One of the first steps after establishment of the trajectory criteria by the 
- National Aeronautics and Space Administration for a mannedorbital flight pro- - 
gram is to plot the proposed track ona world map. It is necessary in the case 
ofa low-altitude manned satellite, such as the Project Mercury capsule, tose - 
lect tracking locations from which the e spacecraft will be within the 500 mile to 
700 mile range of highly directional tracking radars. In the caseof deep- a 
probes, range limitations are not so directly related to geographic loc location and 
The track represents the line of points on the earth’ s surface over which the | 
Spacecraft will make a zenith pass. Practical geography often requires that 
stations be located slightly ¢ off this line in order totake advantage of available 
and to be within range on more than one pass. 


_ The 1e compressed time-phasing of a national effort such as Project Mer- — 


e/ requires construction of the tracking station “network concurrently with © 

the development of vehicle and communication systems. Consequently, — 

‘reliability with which the vehicle will be able to meet the specified orbit be- 

pon a decision-« demanding problem tothe siting engineer before it becomes | 

“One to the Astronaut. The civil engineers who select, lay out and construct 

= stations must give forethought to whatever breadth the criteria spec- 


ifications provide i in n considering deviations from the ithe nominal ane vii 


“centric locations | can n be echeveniact by astronomical observations or r geodetic 

< tie-ins. Laplace azimuth determinations may also be made after sites selection. © 
Elements of a circular orbit, simplified, are inclination, altitude, period of © 
aa and longitude of a node. Toe elliptical orbit may be designated by 


~~ ‘Utilizing an equation that pepecene the trajectory helps in plotting the 
track, _ Fig. 1 shows the periodic curve traced by a proposed Project Mercury 
trajectory. A prelaunch node is established, constructively, by projecting back- 
ward from the insertion point off Cape Canaveral to determine a common ref-_ 
_ erence point in the “equatorial plane from which earth rotation and motion of 


ne equation for | a nominally circular orbit such as the Project Mercury 
_—" which a is latitude, 6. is s longitude, t is inclination: and, for an easterly launch, 
- = 1 + p/23.934, the term p being the period of one revolution of the space- 
craft in hours, - It ‘should be noted that ¢ 6 6 is measured fro from the prelaunch node 


an 3 “Observations Satellite Whipple J. A. Scientific Ameri- 


ons are to be located may be selected by i? 
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TRACKING SITES 


at which the spacecraft will first appear as it comes: horizon, ‘This 
is termed the acquisition azimuth, Similarly, the directionto the point at — 
the “target? will disappear is c called the azimuth. 


at, i= 


| 600 
500 n.m. 
| 400 nm. 
300 n.m. | 276.8 
200 n.m. 167.5 n. 


E- E' - EARTH'S SURFACE, CRCULAR | ORBIT, TRACKING 


HORIZONTAL THROUGH T, 0- GEOCENTER, S~- SPACECRAFT, 
fg RADIUS OF EARTH, Z- ZENITH, 
fo" RADIUS OF ORBIT feta, SLANT RANGE, 


“ELEVATION ANGLE, DISTANCE ALONG EARTH'S SURFACE 
‘FIG. 3.- _DETERMINATION OF RANGE AND ELEVATION ANGLE 


altitude, will cross from horizon to horizon in approximately | 5 min, if it a 
es directly ¢ overhead. In the more likely eventuality that it passes below the 
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ven of infrared, and radar 

; isition at a point slightly below the geometrical hori- 

Z . Knowing in penance where the spacecraft will come into range near the 
ch rizon reduces the amount of scanning necessary and saves time in acquisition. 


"3 Plotting the azimuth graphically on a map is subject to the distortion inher- 
ent in projections of the earth’s. curved surface on a plane. Fig. 2 depicts a 
nominally circular in a three- dimensional reference frame. _ The refer-— 


it 
~- in Eq. 1. If the X-axis is oriented toward the vernal equinox, or ie 
- Point of Aries, a more complex expression is necessitated. The simple equa- 
tion based on the prelaunch node as an inertial reference point has the further 
advantage that differential corrections may be applied to it in evaluation of 
- actual tracking data. Corrections for oblateness effects, such as regression 
ot the orbit plane, 4 may be applied to the equation, However, for a short- 
duration trajectory these are very small. 
Knowing the latitude and longitude of the station andof various points on the © 
orbit from the preceding, it is possible to compute the azimuth from the sta- 7 


_ tion to the spacecraft at various points on the track using the law of cosines 


P cosa = cos b cosc +sinb sinc cosa...... 


‘Fig. the trigonometry involved in the slant range and 


are » anuaneh in spacecraft tracking: geodetic corrections for curvature of ott 
_ earth, oblateness of the spheroid (geodetic measurement of oblateness as dis- 
tinct from the oblateness effect on the orbit, mentioned previously), and ele- — 


vation differences; corrections for deflection of the vertical, and 


accuracy of the radars or other: tracking devices to determine relative signifi- 7 


obstructions to following the spacecraft throughout its full arc. ‘from 
to horizon, - Mountaintop locations, that offer a clear sweep of 360°, are not 
always feasible because of climatic conditions , difficulties in procuring prop- _ 
erty, poor accessibility, remoteness from developed areas, or the higher costs . 
are associated with these features. _ 
- One step in investigating a possible site is to determine the effect of any 7 
_obetructions to tracking. | . This is done by reading the azimuth and vertical 
angle to prominent terrain features around the horizon with a transit. Mag 
netic azimuths are generally adequate for this purpose, provided declination 
corrections are made. Particular attention should be paid to nearby hills or 


buildings as as wellas to mountains, valleys, plains, and coasts. Where it is po 
- “Research Studies Related to Mapping Geodesy, and Position Determination,” Mid-— 
west Research Inst., 4th Interim Tech. June 19, 1959, 
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TRACKING SITES | 
7 sible that elevating | the tracking instrument on a tower may overcome a near-— 
_ by interference, the distance to it should also be taken. . Narrow obstructions . 
: 4 such as flagpoles or lighthouses m may be acceptable if they do not interfere with | 
a lengthof arc greater than, for example, oneor more widths of the radar beam 
— between half power points. 
¥ 


DEPARTURE 


‘The mask of the horizon is then plotted as a horizon profile or a shadow- — 


graph and compared with the acquisition azimuth and departure azimuth. hail 


example of a shadowgraph is shown in Fig. 4 ma &! eee 


_ ROUGH LAYOUT AND 


layout of station facilities during site investigation is generally only ap- 


proximate. Main purposes are to determine the extent and configuration of the 

area and its ability to meet criteria for orientation and separation of facilities. 

7 _ Orientation of tracking station facilities requires more attention than some 
other | types of installation because of angular clearances, and adequate sepa- - 


4 

cr 

| 


and radio communications. A low level of background radio noise is particu- — 
lastly important when the spacecraft signal isto be followed to fade-out in deep- 
. _ A property description sufficient to permit preliminary real-estate nego-— 
tiation may also be required during the site selection phase of establishing 
- tracking stations. In accordance with certain state laws and the recommenda- 
tions of the ASCE task committee on surveying and mapping status, final prop- 
surveys should be made by a licensed land surveyor, 


for design engineering. Other surveys will be performed during a 
_ and operation. Besides construction layout, as-built surveys, and the geodetic | 
mentioned there are for or surveying peculiar 


— in selection of sites ‘for tracking space vehicles and in actual tracking 
require techniques that involve angle and distance measurements by 
oy and electronic “methods familiar to the surveyor. ‘This is particularly true 

where distance measurements 2: are of earthly proportions rather than astro- 


etry. In comparative evaluation of sites for tracking programmed spacecraft 
it is desirable to determine the acquisition and departure azimuths. Special 

4 requirements also pertain to geodetic and layout surveys for these sites. Fur-— 
ther application of ‘Surveying techniques is required in the wana x | 


tation of otis necessary in erence with radar 
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HIGHWAY AND BRIDGE SURVEYS: VERTICAL 
CONTROL AND SPECIAL CONTROL PROBLEMS = 
a wr BRIDGE CONSTRUCTION 
Progress of the Committee on Engineering 
Surveying of the Surveying and Mapping Division | 


PART I- VERTICAL CONTROL 


vertical control as on precise operations required for 
3 establishing and maintaining this control must be conducted with the care e and 


precision prescribed for first-order work. 


_ Because of | the arbitrary manner in | which a | datum can an be established, it hell Be 


ae ‘In some extreme cases, as many as fifteen different datums have been used 1 
os within a small area. For this reason, it is imperative to be certain of the da- 
tums to which existing bench marks are referred and to know the relative ele- a 
vations of the various datums. Moreover, because accuracy in establishing 


bench marks and subsequent movement cannot always be determined, a situa- z 


tion rarely will exist in which it will not be n necessary y to establish a system of 
checking existing bench marks or setting new 


; 4 _ Establishing vertical control consists of determining precise elevations of 
- existing or new bench marks at critical locations throughout the construction ; 7 


__ Note. —Discussion open until December i, 191. To extend the closing date one 


4 
month, a written request must be filed with the Executive Secretary, ASCE. This paper 


i 
is part of the copyrighted Journal of the Surveying and Mapping Division, Proceedings i 
_ of the American Society of Civil Engineers, Vol. . 87, No. SU 2, July, 1961. <s 
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tions, and instruments. Two methods: of projecting levels over long distances, 
usually 0 over water, require the use of the precise tilting level. 


sults, the length of sights should be limited to about 150 ft for ideal situations, | 
and reduced as required under adverse atmospheric conditions. Differential 
_ levels shouldbe run in closed circuits and adjusted between known bench marks. | 
_ Specifications for observations, methods of adjustment, and sample notes for 


differential levels can be found in the ASCE Manual (10. 


. the method of differential leveling, using first- -order procedures. For best re- 


| requiring sights longer than normally permitted, the method of reciprocal lev- i 
els should be used. this method of can be found in 


- completed, the observers and instruments should be interchangedimmediately © 
_ andthe observations repeated. This procedure minimizes any error introduced 

_ by a change in the atmospheric conditions. The mean value derived fr¢ from the 

two sets of observations will be the true difference | in elevation. — . 

RI RIVER R CROSSING ME METHOD 

r a "When it becomes necessary to extend vertical control over large bodies of 
a. water or onto distant piers a modification of the method of reciprocal levels 


- devised by the United States Coast and Geodetic Survey (USCGS) as the river 


i crossing method, can be used. This procedure is describedin a USCGS sain 20 


— 


— In order to establish vertical control fo for the San Francisco- Oakland ey 


a trol over this distance was "made possible by the method of transbay levels, 
which was developed f from the river crossing m method of the USCGS to be used 


at night. It is essentially a modification of the vertical angle “method of level- 
he ~. into which the absolute value of the angle does not enter. 


distance b between | them is equal to 1/2 ft for eachl, 000 ft of sight distance. 
The bulbs on the target would be separated by about 1/12 of the target inter-— 
val. When observing the target the the cross hair should be centered between the | 


2 *Manual of Geodetic Leveling,” by Howard S. _ Rappleye, Special Publication 
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ment; however, a more desirable procedure would be to 
| 
4 
4 
ig 
— 
consisting of two flashlight bulbs placed one above the other 
ments, a target co g 
- 
> 


HIGHWAY AND BRIDGE SURVEYS | 
In making transbay level observations, the micrometer screw is read with ahh 
% the instrument successively sighted on the upper target, in the level position, — 
and on the lower target. The intersection of the level line of sight on the trans- 3 
- bay rod is computed by proportioning the rod interval between targets inthe 
same ratio as that of the difference between the micrometer readings. - The 
é rod reading at the level line of sight on the transbay rod is combined with _ 
4 8 rod reading at the level line of sight on the near rod to obtainthe difference in 
elevation between the bench marks. In order to attain maximum precision, a : 
>. _ two instruments should be used and observations taken simultaneously in both © 
- directions . This procedure compensates for the curvature of the earth and 
minimizes due to a change in the atmospheric conditions. 


: FIG. 1.—METHOD USED FOR P PROJECTION OF TRA or TRANSBAY re 


mental and personal errors are minimized by repeating the ea “o 
 Aset of simultaneous observations consists of reading the near rod at aa 
- getups and subsequently taking a predetermined number of readings with the — 
7 - instruments sighted in each of the three positions on the transbay r rod. i. The a 
5 observers. ; with their instruments exchange locations and obtain a second . 
= of readings, after which the instruments are moved slightly, then leveled, a 
a third set of readings obtained. The fourth rth set of r readings is taken after -_ 
observers with the instruments have returned to the original location. ‘These 
four sets of observations complete the series in the determination of a differ- : 


ence” in | elevation between the two bench marks. For first- order results, 


q 
a 
=] 
— | 
&g 


: final di difference in elevation should be taken as the mean of four sets of 25 read-_ - 
ings. The number of readings at each setup may be reduced to ten when less» 


oie In the early development of the method of transbay levels, numerous studies 


between the number of observations and the average andmaximum depar- 
tures from the mean value for levels projected simultaneously in both direc- — 
5 tions. A similar study was also made for levels projected in one direction and 
ae for curvature andrefraction. The results of these studies are shown — 
in] Figs. 2 and 3. The data for plotting these graphs were obtained from the 
_ results of levels projected April 25, 1933, between Telegraph Hill Station in 
San Francisco and the Station, Goat, on Yerba Buena Island, a distance of 9,663 _ 
; 7 ft. The figures in the graphs indicate the number of groups used. ited 
_ The observations in Fig. 2 were taken simultaneously from both stations, _ 


-andare not complete, as the observers and instruments were not interchanged. 


various s conditions. 


— However, the results om are indicative of the accuracy that may be expected — a 


ts ‘taken a as 4/5 of the theoretical of curvature alone. 
> The results of transbay levels on the San Francisco- Oakland Bay Bridge 
indicated that a series of observations taken after darkness and on different 
24 “nights gave . results comparable to those obtained by standard precise leveling © 
a methods. The following gives the specifications for first-order leveling. a 


b. Ler Length of section, 1/2 mile to 1 wie. _ 


_ Check between forward and backward running between fixed elevations i. 


or pie closures, not to exceed 4 mm VK or 0.017 ft VM. - The term K is the 
in kilometers, and M is the distance in miles. 


‘Widespread construction activities for most major 
_ extensive nets of accurate bench marks from which elevations for construction _ 
"purposes can be obtained. Once the basic datum has been established on each 
shore, precise- -level circuits must be run throughout the areas of construction. — 
‘The proper coordination among the various bridge units under construction at | 
_ separate locations is dependent upon ur unified, reliable, and convenient oll 
- controlat every site and during every | phase of construction. The bench mark | : 
; location, then, must be carefully chosen. Some of the factors to be considered 
are convenience to construction operations, safety from disturbance by these 
_ activities and freedom from subsidence and other natural defects. _ Since the 
_ possibility of subsidence is always present, frequent checks must be made on ‘~ 
7 all bench marks in order to insure their accuracy. Both the initial establish- _ 
‘ment and the checking of bench marks require precise leveling methods and 


techniques. Special bench marks the purpose of checking sottloment are 
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sometimes set in fills to check the progress over a 
During the early construction stages of offshore piers, temporary bench 
- marks can be set on nearby survey platforms, construction docks, or coffer- 

- dams. These bench marks should be checked frequently and should be suffi- 
ciently accurate for control of the under water construction. Temporary bench 
-marks shouldbe established on the piers as early as possible and their elevation 
accurately determined. When the pier has been completed, bench marks should 
be. establishedat each corner for grinding the seats or setting base plates, ,and 


determining | settlement of the pier. Pad 
_ If possible, observations for pier settlement should continue over the years 


or until such time that it becomes apparent that the rate of of settlement has" de- 
“creased to amounts that can nolonger be determined. a records may give 
an _ PART II—SPECIAL CONTROL PROBLEMS IN CONSTRUCTION | 
them are the control required for erecting the main cable, grinding the on 


_ bearings” for the cable bents, , ane boring the inclined cable anchorage tunnels 


challenging one. This probiem special computations andis 
plicated by the necessity of considering the frequent changes in the position < 
_ the various elements of the structure. Computations for this phase must begin 

well in advance of the start of construction. ss 

‘The method as used during the cables spinning operations on the San Franci isco- 

; Oakland Bay Bridge will be explained in detail as one of the methods that can 7 
be used for guide-wire control. le, 
‘The portion of the San Francisco-Oakland Bay Bridge spanning the 8, 270- ft 
ane between San Francisco and Yerba Buena Island consists of two suspen- . 


: for navigation, varies ‘from. 187 ft at the ‘pierhead line to 227 ft ‘at the center 

_ anchorage. Each ofthe cables for the suspension spans contain 17,464 parallel | 
wires built up | into 37 separate strands and into a oa circular shape 
The problem of correctly adjusting cables to positions was 
unusual, due in part to some of the features that distinguished 1 the paired ‘spans © 


the tower heights and cable sags varied to conform to the long vertical 
curve of the twin bridges. The mid-span elevations of the north and south free 

4 cables differed because of the unsymmetrical. design required by 
of interurbantrains at one side of the lower roadway. These conditions neces- 
sitated fourteen separate control systems nad ere cable location. The location | 
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= L* SPAN IN FEET FROM WORKING POINT ON € OF CASTING W6 TO on | 


— FIG. 4.— 4,—CABLE BENT ELEVATIONS AT MIDSPAN OF 


of the San = ean anchorage ame > necessary an 1 830- ft backstay span, which 7 7 
in turn requireda rocker bent to support the cables at Pier W-1. The sags of | 

the backstay cables decreased 19 ft during bridge construction. ‘This move-_ 
ment, combined with sag changes and elastic elongation in the span between 
Pier W-1 and Pier W-2, made it necessary to move the cable saddles at Pier 
W-2 westward 4.53 ft during cable spinning to prevent excessive stress on | 
_ Tower | W-2. To further complicate this problem, the cables were spun in their 

- final position at the tower saddles andintemporary strand forms at the oumee~ 


oF In preparation for this work, the length of the cables in each span was com-_ 

puted from the funicular polygon of the loaded structure and reduced to a free 7 
_ cable length by removing the elastic elongation due tothe suspended loads. . The | 

curve of the free cables was assumed to be a catenary and its equation was 
used to compute the mid-span sags, as the parabolic equations pean tanning 


on shorter- -Span suspension bridges did not give results of sufficient accuracy. 
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CASTING CABLE BENT 


CABLE FOR VARIOUS ) TEMPERATURES. 


office problem was to] prepare andtal tables so that { the coud 
be adjusted to correct position by setting the mid-span point at the proper ele- - 


for any combination of temperature, span and 


_ When making Computations for the graphs, consideration was given t to fo the 


elastic deformation : in the cable length Fig. 4 gives the elevation of the cable 
at the mid-point of the span resulting from different span lengths and temper- " 
atures. Several points were computed by the catenary formula and the curves” 
interpolated between these points. The mid-: -span elevations were eps nA ar 
the catenary between points of tangency at the tower saddles. To simplify the — 
use of the graphs, the abscissa was made the equivalent span length as al 
ured horizontally between vertical scribe lines on the center lines of the | “a 

_ ings. Fig. 5 gives corrections to the mid-span elevation of the cables result-— 

ing from differences in elevations of the cable for 
(Fig. 4(b) and the notes for the “ 
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HIGHWAY AND BRIDGE SURVEYS 
bining —e graphs in Figs. 4 and 5 the correct mid-span elevation of the 
cables was obtained for any combination of span length, temperature, and dif- 


Biba 4 and 5 were prepared for the centerline of the north cable and on ll 


at which the fe of the centerline of ‘the ‘north cable became equal | to ae 
- length of the strand. These temperature constants, ranging from plus 67. 2°F 
- to minus 30, OF were added to the - observed temperature to obtain an equiva- 
lent temperature with which to enter the tables. Data from these graphs were > 
-compiledintables and bound i in pocket- -sized volumes for convenient use in the" 
. Two additional tables were required at Pier W-1 due to the slope of the 
rocker bent, which was rotated as much as 11° from the vertical during —_ 
spinning. | Any rotation of the bent produced a change in the station and eleva- 
tion of the working point. The first table listed the elevations corresponding © 
to various stations of this point. . Due to the slope of the rocker bent, the span 
lengths of the strands vary according to their position with reference to the -. 
wa 
centerline of the cable. The span length was first computed from the observed > 
station of the working point and corrections, listed in a second table, were ap- 
- plied to this length to obtain the span lengths for the various strands. 
_ In preparation for field work, computations were necessary to determine 
‘the positions of the control points for locating the cable. The normal positions | 
y of the range targets were computed for a line of sight paralleling the tangent 
to the cable at the midpoint. The line of sight parallel to the tangent minimized 
J the errors resulting from inaccuracies in the location of the midspan “ad 
‘The elevation of the cables for a any condition be theroretically com- 
puted to any degree of accuracy, ‘but the limiting factors in the field were the — 
peo oo with which the functions, ‘such as ‘Span length a and temperature, could 3 
be measured. To evaluate these factors, ‘a study was made on a 500-ft model 
ot cable wire. The results indicated that thermometers shrouded in short 
_ pieces of cable wire gave the most accurate measurements of the temperature 
of a guide wire and that wind and condensation of moisture hada negligible 
effect on the sag. To determine the rate and extent of tower deflections re-— 
sulting from differential temperatures in the tower legs, the locations of the | 
7 _ tower tops were observedwith a vertical collimator throughout a 24 hr period Z 
and, at the same time, temperatures were taken of the tower steel. othe el 7 


in 


= to the bridge centerline and less than 1 in. normal to it were echeerved 
a (Figs. 7 and 8). The results of the observations indicated that all towers lean 
from — 1 in. to 2 in. east of their design position. It was also found that wind — 
produced vibrations but no measurable deflections. 
; - To made instrument observations and adjust the range targets, platforms 
were built at desired elevations | on the towers. To protect the instruments and 
—— these platforms were roofed and enclosed in canvas. The mid-span © 
2 rods and range targets were illuminated for night work and the theodolites for 
_ these surveys were equipped for electrical illumination of the cross hairs . At 
‘Pier W-1 a rodgraduated to give directly the station of the saddle casting was 
attached to the rocker bent. Before cable surveys began the stations and ele- 


vations of ca cable saddles, splay castings, instrument and target mount-— 
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NOTES 


ot each tower and at mdspan Fanrenneit thermometers encased cable wire are to De pieced paras to the cable 
instruments, cross hars and vermers shail be ted 
instruments shall be set at predetermined elevation nt 
bk Rods and targets shell be defined by red and white electric bulbs wy, 7 
Rods at midspan are to be of constent length. 
renge tergets shell be edusted to line-in the rod at mdepen to the deared elevation 
Communication between contrat ponts of each span will be by telephone. 


4... 


7 
6. —INSTRU MENT ARRANGEMENT 


ings: were determined, checked and Mid-span points were esta 


_ Communications for survey control on each of the two bridges were main- 
tained by magneto telephone circuits. _ Permanent | telephones were placed at : 
the instrument and range target stations, and plugs for portable telephones f 
were placed at other important points. These telephone circuits, complete for 
- each span, could be connectedin series and used as a single unit. Each circuit 

~ could also be connected to the trunk line, which extended to the main bridge 
. ‘The field personnel for guide-wire and strand adjustment consisted of 12 
men divided into two parties. By using two parties, the survey operations need 
< abreast of the adjustments, as one party lined in the cables in one span — 

3 while the other party moved into position for adjustment of the adjacent span. 7 
_ All observations on guide wires or strands were taken at night, for at that 
a the temperatures of the wires could be more accurately measured and 


the rate of movement of towers and rockers was at a minimum. Temperatures 
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4 FOR ALINEMENT OF CABLES = 


were observedat the mid- each of the t . Guide-wire tom- 
_ peratures were obtained by inserting in the strand thermomete1 rs in metal cases. 
- Todetermine variations in span length, it was necessary to know the station 
of the cable saddles atalltimes during adjustment. This information was pro- 
vided by continuous observation taken with vertical collimators. The elevations 
of the cable supports were obtained from bench marks adjacent to the castings. 
The station andelevation at Pier W-1 were determined from the reading of the 
_ special rod previously described. The mid-span rod was hung vertically down- 
ward through the | catwalk with the zero: of the rod on the wire to be stented. 
The theodolite was sighted at this rod and the range target was linedin. 
With the collected field data and the tables, the correct elevation of the mid-— 


= “~ was ‘obtained and the Se ae position of the range t target com- 


A 
“graph was provided giving the change in length of the wire necessary to obtain 
4 


required correction. After | the adjustment at the supports” to correct 
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the error in sag \ was made, the sag -was checked and, if necessary, additional 
adjustments were made to bring the wire to the correct elevation. - Although | 

the guide wires for a tier of strands were carefully set to the same elevation 
at the mid-span points, _ the wires sometimes diverged as much as 1 ft at the 
quarter-span points. The guide > wires | for the first strands were checked sev-— 
= eral times to insure their accuracy. The length of each strand in the cable 
was computed and tabulated and guide wires for subsequent strands were set 
_by applying increment corrections to the e length of the original guide wires. . fe 
verify these corrections, , the sag of the guide wire for each strand was 3 checked 

by field observations, 


2s _ The first- tier strands were adjusted i inthe same manner as the guide wires. 
Only one” strand in each succeeding tier was set by , instrumental control and 
the other strands adjusted to it, using a spirit level and allowing for oe 


variations. The adjustment of the controlling | strand tier w 
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7 checked by me asurement to 
_ At the completion of a strand adjustm emperature of each acces-_ 
sible strand was taken and its elevation determined by measuring from the 
_ bottom strand. The elevations of the strands were then reducedto normal con- 
ditions andrecordedfor reference, 
_ Shortly after construction of the cables had begun, it was noted from this | 
_ record that the mid-span elevations of the completedstrands inthe side spans 
were decreasing, and those in the backstay span were increasing. Investiga- 
tory surveys discloseda deflection in the top of Pier W-1 of 0.05 ft to the east, — 
due to the horizontal thrust of the inclined rocker arm, and similar surveys | 
at top of Pier W-4 disclosed movement to the west. The movement of Pier _ 
W-4 was determined from the results of precise levels over the bench marks 
on the corners the and was substantiated | 
? 


ff 
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by collimator observations taken on the center wall of the pier. The deflection 7 
at Pier W-4 increasedas cable spinning progressed and amounted to 0.15 ft to | 
the west at the time of completion of the west cables. However, at Pier W- 1 
no further movement was noted. _ These deflections accounted for nearly : all ia 
_ divergence in the sags and the remaining changes were explained by tompera- 
ture observations taken throughout the cross section of the cable. _ These fe) 
——— indicated that the inside strands did not cool off as rapidly ; at a. 
as the outer strands (sometimes being as much as 10°F higher) and conse- 
- quently were partially resting on those beneath them with a resulting decrease © 
= elevation of the lower strands. In setting later strands, it was assumed that | 
2 of the movement at Pier W-4 would be overcome when the east cables bal-_ 


were checkedand reference points for placing cable bands and permanent splay 
were set. To define the location for seizings and for cable bands, 


The centerline of the cable was marked to define the top of the cable band, 
preventing errors resulting from the daily twist of the cables due to differen-_ 


Upon completion of cable spinning, the final positions of the strand == | 


4 


‘tial temperatures. Table 1 gives | the results of measurements made with a 
‘Steel tape, on the cables of the west bridge. _ The table gives the divergence _ 
between the measured lengths and the design lengths, 
Upon ‘completion of the cable spinning, the final positions of strand shoes — 
‘must be checked and reference points set for the placing of cable bands and 
‘permanent splay castings. To define the location for seizings and for cable 
bands, surveys must be made along each cable both before and after compac- 
tion. The points for bands are located by measuring along the top of the cable. 
During the process of cable spinning, and thereafter, it is necessary to con- 


_ stantly ‘check the deflection of the towers in order to detect excessive move- | 


CONTROL FOR INCLINED BEARINGS 
‘The cable bents or saddles located at the endof the side spans are supported 
7 on inclined bearings. These bearings must be e ground within specified limits, 


establishing control for this ope ration an unusual problem 


~— bench ‘marks set at regular intervals < along the | upper and lower edges 
ofthe areatobe ground. Atransit is set over the upper point and the telescope 
brought into a plane parallel to the theoretical ground surface by sighting on 
‘a computed rod which is normal to the surface on the lower bench mark. In- 
a termediate points onthe concrete surface are brought to grade by intersecting 
the normal grade rod with the transit cross hair. The rod may be made nor- 
% mal to the line of sight | by ‘mounting a rod level at the required angle witha 


‘small metal or wood mounting 


CABLE ANCHORAGE TUNNE Ls 
In some instances suspension bridge cables are anchored in tunnels driven 
x rock formations r than in ‘gravity anchorages. These tunnels must 
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follow the alinement of the cable, which ‘is generally inclined at a steep angle. 
The construction of these tunnels may be controlled d by the usual wel 
= _ A modification of this method, which takes aientnee of the relatively s coo 
of the tunnels, utilizes alarge-scale plan andelevation ofthe tunnel. This" 
"sheet should be completed in advance of construction — Lines representing ele- 
= and stationing along the bridge center line as well as coordinates i 


ferred tothe center line of the tunnel should be superimposed on the drawings. 
To use this device the positions of the instruments are determined from fom 


reference points and plotted on the drawings. The angles and distances required 
¢s establishing the control and locating the roof beams, spring line, and other | 
_ features” of the tunnel can be measured and s¢ scaled directly from oe eae 
ings, thereby saving the time required for computations. 
Inthe place of cross sectioning the side walls after the has been 
completed, it may be advantageous to make a vertical-plane “contour” map e 
each wall, using contour lines of equal distance from the centerline vertical | 
plane of the tunnel instead of lines of equalelevation. This can be social 
bya combination of stadia and offset methods. The transit is set up at a given - 
‘distance from and parallel to the centerline. . By sighting along this parallel — 
line at a graduated horizontal rod fastened to the upper end of a pole (length | : 
of pole is determined by the cross-sectional size of the tunnel), the offset dis- 
tance to the line of excavation can be determined (Fig. 9). _ The distance and 
elevation tothe horizontal rod m may be determined by stadia readings on a ver-_ 
_ tical rod, which is also fastened to the upper end of the pole. When the tunnel 
is completed, the steel grillage for for the anchorage is is carefully ena fort both» 


_ Cantilever,arch,andsimpletruss spans require very little ay for erec- 

- tion after the shoes or bearings | have been properly set. Their geometric shape 

and position is 5 primarily determined by the fabricated lengths of the members| 

and the elastic deformation. During the erection of these types of spans the 

Bp ond of the panel points should be checked at various stages in order that 
= theoretical and the actual deflected shapes of the structure can be compared > 7 

and the jacking devices adjusted to bring the structure into the on aline- 
"ment for closure ure (Fig. 10). 
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and butter. 
the field of engineering, there may bea tendency to overlook the contribution — 

that such sciences as surveying and mapping are making in the space age. 
Nevertheless, fundamentally and traditionally, surveying and mapping remains © 
a significant part of "civil engineering. _ This traditional relationship becomes © 

_ evident from time to time in rather unobtrusive ways. For instance, only re- : 
cently anannouncement of a tour of historic points in the vicinity of Washington, 
D. Se said in effect, “Be sure to visit the surveyor’s office used by George > 
‘Washington, America’s first civil engineer.” Also, illustrationsof construction 
projects frequently have surveying instruments in the foreground, using the them 


to identify the project as an engineering development. 


 Note.— —Discussion open ‘until December 1, 1961. To extend ‘the c closing | date one 
month, a written request must be filed with the Executive Secretary, ASCE. This paper _ 
is part of the copyrighted Journal of the | and Proceedings 
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This report outlines the history of the Surveying and Mapping Division of 
ar) the American Society of Civil Engineers. It covers the events that gave rise [i 

— to the formation of the Division, its early organization, and its principa ac- 7 j 

tivities up to the present time (1961), &g 

: 
From time to time, surveying and mapping has been referred to as the civil 
— _engineer’s “bread and butter.” There are times when the billof fareisso [im 
jadand rich th itt le antion to h nro j h 
— 

ay q 


on the ethics of private and public practice, and on the very nature of the var 
- jous elements that comprise the field of Civil Engineering. In| regard to the 
latter point, this Division, at the Society’s request, has carried out in the last 

_ three or four years, an extensive reappraisal of the place of surveying and 


_ mapping in the civil engineering profession, A Task Committee of this Divi- | 


_ ‘sion made this appraisal, and its report and recommendations have been nod : 
-_ _ widely published. The findings of this Task Committee were accepted by the = 
Society’s Board of Direction at its Los Angeles meeting in February, 1959. 

The big job now is to implement these far-reaching conclusions. oe _ 

~ Incontemplating an appropriate course of action in regard tothese matters, 

it is well to take a look back in order to plot: the future course with greater — fl 
certainty. This backward look might be likened to a surveyor taking a back- 

Been in order to accurately prolong his course, por & to ) depart from it ac it according : 


In 1922 the American Society of Civil Engineers a authorized the ion 
- technical Divisions within the Society. By 1926, there were eight such Di-— 
_ visions, In that year, the Boardof Direction approv eda petition: signed by over 
90 members of the Society requesting the formationof a Surveying and Mapping 
_ Division. _ The petition was circulated largely through the efforts of the then - 
Se of the Federal Board of Surveys and Maps, William Bowie of the — 
U. S. Coast and Geodetic Survey. He was aided in the work of development by 
many people representing a fair cross section of public service, private prac- 
tice, and education. ‘Among them were C. H. Birdseye, Chief Topographic an 
_gineer of the U. S. Geological Survey; 'W. N. Brown, a well-known private prac- 
titioner of Washington, D. C.; and Clarence Johnston, F. ASCE, of the 
_ partment of Civil Engineering, University of Michigan, Ann Arbor, Mich, 7 These’ 
- men all served as early officers of the Division. Bowie served continuously 
as Chairman of the Executive Committee until his death in 1940, a period of 
y e this report the activities of the Division have been divided | into 4 parts. —> 
The first part, 1926 through 1930, is called “the formative years" ; and the 
aa te third, and fourth parts simply the 1930’s , 40’s, and 50’s. OO 


THE ‘FORMATIVE YEARS 

During these years, the officers of the Division were with de- 


ing quotations from circular letters sent to members of the Surveying and Map- 
ping Division on September 25 and December 30, 1926.00 


oe “The field of action of this new Division is very broad and it is de- 
sirable to decide at an early date what activities should be ‘taken up i. 
once and what should be left for the gradual growth and development of 
‘the Division. You have an intimate knowledge of the general needs of the - 
fee profession for certain investigational and standardization at 


work along surveying lines. swould you send in. ..a digest of what 


quite revolutionary, are taki lace in the en- 
Many changes, some of them quite revo y; : 

» 
| 
| 
SCUpe Ul Ue 1Vision S il n= a 
views of members of the Division as to the of 
volved in the field of surveying and 


SURVEYING AND MAPPING 
your opinion are the activities which should be immediately token 4p up by 
Many of the letters | received ir in response to the first circular letter 
‘contained valuable recommendations which will be turned over to the 
_ proper committees as soon as they are organized. _ It is interesting to , 
as the different things stressed inthe various letters. A large number — 


least a half dozen branches or details of surveying were classedas | las being 
“The Executive Committee has made a preliminary outline of the work 


ot the Division n and has provided for the following committees: _ 


Construction Surveys. To include highway and rail- 
an surveys and surveys for construction work, reservoirs, and also 
2. Boundary Surveys. To include cadastral surveys, surveys of po- 
litical boundaries and of riparian boundaries, _ ; 
ao 3. Topographic and Hydrographic Surveys. 


LF is evident at once that there is a chance for serious over- lapping 
_ between the various groups and also that some very important branches ~ 
- of surveying are not dignified by having a separate committee ae 
-tothem. For instance, the subject of retracement surveys will on a 


a large : amount of work to develop it properly. Metropolitan surveys are 


“4 portance weil warrants a 1 separate committee. _ At the same time, if 
proper coordination is to be obtained in reports and specifications, the 
~committees must follow a logical subdivision of the science of survey- 

Subcommittees can be organized within the major committees to 


_ cover any particular part of the work that of committee” = 


= This organizationof the Division was augmented by other | committees in the 
following years. In 1930, in addition to the four committees . ee men- 
in 
1 A Special Committee on City Surveys. © 


Committee on Third and Fourth- Order Triangulation an and Trav- 


4. A Special Committee on Definitions of Surveying. Terms. | 
All these committees were interested in improving techniques and stand- 


ardizing ; practices within their field of interest. Some of the committees | were 


- ported that the es draft of a | Manual of City Surveys w would be ready by the — 
_ By the beginning of the 1930’s, committee structure had been established, 

and work ontechnical manuals was in progress. | ‘Reports ir indicate that member-_ 


ship in the Division exceeded 600, 


5, 


— 

| 

“Other letters pointed out the importance of better specifications for 
4 _metropolitan surveys and for construction surveys. The need for a good 
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During the early 1930’s the organization wai was modified by the creation of — 

; Committee on Aerial Surveying and Mapping. This apparently came about from 

g@ suggestion that a committee of the International Society of Photogrammetry — 
be formed in the United States. The “Special Committee on City Surveys’ oS 


made permanent; the “Committee on Location and Construction Surveys” was 
discontinued; anda ° “Committee on Highway and Bridge Surveys” was formed, 
In the mid-1930’s the following committees were formed: “Committee on Map > 
_ Information Offices,” “Committee on Surveying and Mapping Courses in Edu- 
- cational Institutions,” and a “Special Committee on Land Surveys and Titles. , 


legislation for the - perfection of land titles. Also, the “Committee on Topo- 
graphic ~- Hydrographic Surveys” was changed to “Committee on Topographic © 
‘Surv yeys.” _ After a short and uneventful existence, the “Committee on 


of the existence of similar committees of the Society. 
Threats of over-lapping of activities arose with the growing complex of 7 
eee, which led the Executive Committee to advise the Committee on 

/ Control Surveys, and the Committees on City Surveys, and Third and Fourth- 

— Order Triangulation and Traverse to fully coordinate their work on manuals, _ 4 
regard to manual preparation, the | Committee Surveys published 

lg “Manual No. 10 in 1934, The Committee on Definitions of Surveying Terms was 4 
aa at workon a manual, which was published as ASCE Manual No. 15 in 1938, 

_ Varied reports came from other committees. The Committee on Highway and 

Bridge Surveys concluded that the existence of several State Highway Depart-_ 
ment manuals on the subject obviated the necessity of preparing an ASCE Man- 

: ual. The Committee on Topographic Surveys reported an outline for a manual 
stressing specifications for maps and methods of testing. In connection with | 
that report, it was suggested that the American Society of Photogrammetry, — 

which had come into being in 1934, be requested to appoint < a ee to coO- 
operate with the Committee on Topographic Surveys. 
Later the Committee on Topographic Surveys reported that the ay in 
preparation by the American Society of Photogrammetry, and the Topographic — 
Instructions of the U. S. Geological 1 Surve ey would probably fill most of the pres- a 

~ ent needs of the topographer; hence, the Committee’s plans for a manual were 
deferred, It is interesting to note that these seem tobe the sole references in 


the files to the creation and existence of th the American Society of of —— 


_ by the economic conditions of the times. Muchof the Division’s activity during . 
that period was directed toward increasing the amount of work available to 


those engaged i in surveying and mapping. During this | period these resolutions, 
_ among others, acts passed and sent to Washington: 


- 1, January, “1932: _A resolution urging the completion of the levelling and 
triangulation nets of the United States. Ye 


2, January, 1933: A resolution urging the computation, adjustment and — 
publication of control data of of Federal agencies, that was then being held for 


lack of funds. Ve 
lack of funds, 
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January, 1933: _A resolution urging appropriation of funds at mate and 
Federal level to carry out a cooperative program of topographic mapping fully 


commensurate with the need for maps throughout the 


a et Further indications. of the stress s of the times are found i in statements iii 


e _ members of the Society to support the foregoing proposals by contacting — - 
lative officials at all State and Federal levels. The Chairman of the Executive _ 
—— of the Surveying and Mapping Division wrote several letters to the 
_ President of the United States, directing his attention to the need for maps and 
the: opportunities for their economical production during the period of the de- 
pression. In addition to the actions of the Surveying and Mapping Division, the - 
feats, in 1931, authorized a committee under Birdseye to cooperate with the 


= Engineering Council ina a ‘program to develop interest in 1 extending — 


4 the Temple Act of 1925 of the United States Congress, © a 
At the close of the 1930’s the following technical committees of the Division 
pee to have been active: Aerial Surveying and Mapping, Control Surveys, 
Map Information Offices, Topographic Surveys, Land Surveys and Titles, City © 
"Surveys, Definitions of Surveying Terms, Highway and Bridge Surveys, Special = 
Committee « on Thirdand Fourth- Order Triangulation a1 and Traverse, and Bound- 
arySurveys, 
eS on City Surveys and Definitions o of Sarveving Terms had been pub- 
lished and the Chairman of the Committee on Control Surveys reported that 
the / manuscript of a Manual on Control Surveys was at Society headquarters. 
Si publication. In addition to the important work of outlining standards | 
and procedures in manual form, considerable work had been done to stimulate 
interest in the development of the national scheme of control surveys and in 


expediting the national program of topographic mapping. The Division had over 


In the early 1940’s there was much interest in the development of the or-— 
ganization that is now well-known as the American Congress on Surveying and 
Z Mapping. At a conference on surveying education, Committee VII of the Civil — 
Engineering Division of the Society for the Promotionof Engineering Education 
_ proposed that a forumof a National Congress on Surveying and Mapping be held - 
and that it be sponsored by various existing organizations pertaining to survey- 
ing, including the Surveying and Mapping Divisionof ASCE. The Division heart- 
ily assented and the forum rapidly developed into a permanent organization, 7 
The Society became concerned as to whether the development of the American | 
Congress on Surveying and Mapping indicated failure on the part of the _— 
veying a and Mapping Division t to properly represent the interests of the survey- 
ing community. The Divi ision, after considerable study, pointed out that mem- — 
bership in the Congress was not limited to professional Civil Engineers and 
consequently, furnished an excellent medium for all who might be involved or > 
interested in the science. ‘It was further concluded that there was an ample 
field of activity for both organizations, and that close coordination would be 


mutually beneficial, 
The Surveying and ‘Mapping Division continued on on n technical manuals, 


_ and the 1e Committee on on Control Surveys reported in 1940 the publication of ASCE 
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Manual No. 2 20, “Horizontal Control Surveys. to ‘Supplement the Fundamental 


” The impact of World War 0 is evident in the accounts of the 1940's, The 


- in the national plan for control surveys and sprennenr mapping to strengthen 
- our defenses. It received first-hand reports on the build-up and strengthening 
of such military mapping units as the 29th and 30th Engineers, A report was 
_ prepared by a committee of the Division o on “Surveying and Mapping Courses 
a in Engineering Defense Training.” This was sent by the Society to the Com- 

_ missioner on Education in Washington, D. C., no doubt to become part of a 
larger field of literature dealing with defense training. The report offered 4 _ 
courses to be completed in a 16-weeks period: topographic draftsman; stereo- 7 
‘scopic operator; geodetic computer; geonstic observer, stress of war 
strongly evident in this recommended “cram session.” 

- Although the 1940’s indicate less progress in the exploration ¢ of techniques — 

and pe procedures, and so forth, there was much — on emergency mi ee 


Bai of these committees had been reorganized in the late 1940" Ss or were 7 
the process of reorganization the v war. It had been decided that 


The Committee on Control Surveys recommended in 1949 
that the 1936 material on Third- and Fourth- Order Triangulationand Traverse > 
not be published by the Society. This recommendation arose entirely from the 

‘that 13 yr had been allowed to elapse since the material had been prepared 
and, although the work had been competently done by able engineers, progress ‘ 

in survey methods over that period of 13 yr made the (1936 report obsolete. 

The Committee also took cognizance of the overlap between four major tech- 7 

nical organizations, American Society of Civil Engineers, American Congress 
3 Surveying and Mapping, American Geophysical Union, and American Society _ 
of Photogrammetry and pooeEREED certain organizational changes inthe _ 
Surveying and Division. No doubt these recommendations were taken 


just about 


abandoned its hope of straightening out the title situation, largely because the | 
American Bar Association did not appoint a section of a Joint Committee to. : 
_ study the problem. The Committee on Highway and Bridge Surveys was re-_ 
and substantial work was undertaken ona manual. Efforts toward 


this objective were spurred on by the advent of the caininaeal Highway pro- 


= Division | focused considerable attention on the field of professional de- 


velopment during the 50’s. In this connection, the background of the ane Com- : 


| 
_veys, Definitions of Surveying Terms, Highway and Bri — 
| 
&§ 
. 
| — 


al mittee on Status of Surveying and Mapping has been quite completely covered in 
recent literature; hence, it is not repeatedhere, 
_ As previously indicated, the Task Com mittee’s studies and recommendations 
et this | yapreayoed a legacy of f hard work - -a rewarding legacy, worthy of the best ; 
s and 
considerable progress was made. The technical committee structure of the 
Division was changed to conform to the 4 broad fields of surveying which the 
_ Task Committee identifiedand clearly defined in its report. Other ‘committees, 
of anon-technical nature, on Session Programs and Publications, were created 
_ or strengthened to provide a medium for keeping the membership better in- 
- formed through technical sessions and the publication of papers. A Committee 


on Research and Development was ace to further progress in this critical - 


‘THE 

_ The ‘Division has a “new look” for the 1960’s- which has been acquired after 

a thorough study of the developments of past } years. It has fourtechnical com-— 

- mittees with broad objectives compatible with the modern concept of survey- 
ing. and 1 mapping, ane three 2 administrative committees, including Research and 
The future pro-_ 


3. Assistance and encouragement to appropriate comantinecs the Society 
. aiding educational institutions to shape appropriate courses of training in 7 


surveying and mapping in 1 accordance with a changing concept. aa oe ae 


Preparation circulation of abstracts of technical on sub- 


q hs Improvement i in communications, through more publications, newsletters, 


6, The development of ways and means of emphasizing — ‘importance of 


the professional attitude and weal virtue of true e conformance | to the Society’s 


_ These are but a few of the many matters of concern to the 2300 or m or more 
members of the Society presently (1961) enrolled in the Surveying and Map- 


‘This outline history of the Surveying and on Division was —— by 
Earle J. Fennell, F. ASCE, during his termas chairmanof the Executive Com- 
mittee of the Division (1959-1960). The minutes of the Division meeting of 
March 23-25, 1960, state: “The paper is a valuable compilation on material 
from the files of the Division.” It was presented by Fennell toa technical ses- 


sion of the Division during the March 1960 ASCE Convention in New Orleans, 
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7 Efforts to broaden the concept of ‘surveying and mapping to encompass 
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MEASUREMENT OF DISPLACEMENT AND | DEFORMATION 


Many methods of determining terrain movements and deformations in 
tele. tae been used. _However, geodetic methods provide the only 


All geodetic methods are based upon the measurement of angles or dis- 
tances, or both. Triangulation involves measurement of angles; vaca nll 
measurement of distances; and traversing, , measurement of angles and od 
tances. Trilateration has not been used in this work, so far as the writer 
knows, but the development of electronic distance measuring devices <= 
make this a suitable method inthe future. | 
The precision required in this work varies considerably. Mean errors in| 
location may vary from a few centimeters to a few tenths of a millimeter, — 
the of the displacement. of displace- 


high precision usually required in this work, A basic principle in the poll 
_ ment of this equipment was tor use existing equipment as far as possible, 
making: it suitable for sg; specific purposes by means of inexpensive auxiliary 


_ Note.—Discussion open until December 1, 1961. To extend the closing date “one } 
month, a written request must be filed with the Executive Secretary, ASCE. This paper © 
is part of the copyrighted Journal of the Surveying and Mapping Division, aie aiete al 
of the American Society of Civil Vol. 87, No. 1961. 
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equipment. Moreover, the auxiliary was as to be so so designed ed that it 
could be used for various purposes rather than a single, , specific use, 
Various applications of geodetic methods to. terrain and de- 


new equipment is and shown in operation. 


PU POSE OF DEFORMATION MEASUREMENTS 


ments are seldom made, However, such measurements may be required to 
determine the movement of a mountainside that might develop into a nde 


necessary to determine deformations i in 1 structures such as as bridges, tunnels, 4 
and dams. Deformation measurements on structures are particularly useful © 
ie in checking the reliability of assumptions relating to the elastic behavior of 
the structure. In most cases these measurements are extended to the terrain 
LP surrounding the structure. In the case of a dam, for instance, we are not 
% interested only in the movements of the dam; we want to determine whether 
there are movements, both horizontally and vertically, of the subsoil in the - 
ke immediate vicinity of the dam due to variations in the level of the impounded — 
_ The selection of the method of measurement depends upon the accuracy — 
it, and this, in turn, is determined by the purpose of the measurements 
and by the magnitude of the deformations or movements. To measure terrain | 
movements, for instance, in an area of potential landslides, where the annual — 
velocity has a magnitude of several inches, meanerrors of a few centimeters — - 
_ are acceptable. If, on the other hand, the displacement of points on a ee 
“i dam that move a few centimeters is to be measured, the measurements must 
be such that the mean error does’ not “exceed a few tenths of a millimeter. 
Of the many possible methods of determining displacements and deforma- 


tions, only those shall be discussed that involve oe principles. nell 


= other instruments. On the other hand, only geodetic measurements i 
determine absolute displacements and only by geodetic methods can the di- 
‘Fections and magnitudes of the ‘displacements be related to fixed points out- 
a geodetic methods are based upon the measurement of angles or dis- . ; 
_ tances or both. if only angles are measured, we speak of triangulation. a 
“only, distances" are measured, speak of trilateration, a method that is. 
‘gaining an ever-increasing importance in Geodesy due to the recent and 
of distance measuring instruments. if both angles and 


> | 
vertically, is subject to constant change. As arule, there is no need to meas- 
— 
— 
i 
nth 
The method of trilateration mas probably not been used 
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of deformations u up to the present (1958). ‘Both tri-- 


# angulation and traversing have been used for this work. | S) 


@ 
"TRIANGULATIO 

iz When triangulation is is used to determine « displacements, location is usually — 

_ determined by resection (Fig. 1). From twoor preferably three fixed observa- 
tion points marked I, II, and III, the directions to the points to be located are 
measured during a given period or, perhaps, during each of several periods 7 
_ spaced over many years. For clarity, Fig. 1 shows only one point, marked a 
to be located. _ As backsights for the orientation of the directions, distant, 

well defined points (A,B,C), areused. 
as. The practical solution of this theoretically very simple problem is subject 

many difficulties. major ‘difficulty, which is the only « one that will be 
treated herein, “is that, in most cases, the observation points also change 

. location, ‘suffering small displacements in the course of time. It is necessary, 
therefore, to determine the exact location of station points I, II, II, and so on, © 
and the exact orientation of the reference directions at the time each individual = 
measurement is taken. From the beginning, the station points must be related 
to fixed points and, at every measurement, this relationship must be checked. 7 

; It is often very difficult to find points that are not too far away from the land- 

i slide or from any ee structure that do not a ee over a period 
Ce When the deformations | - dams are to be measured, the observation sta- 
tions are, almost without exception, solid concrete pillars. It is desirable to 
install reference marks (IIj, Ig, 13, 14), in the vicinity of the pillar in 
sound rock and to measure the directions to these points during each meas- 
uring | cycle. If sets of directions to these reference marks measured at | 

different: times do not agree, the discrepancies indicate that movement of © 
the pillar and reference marks has taken taken place. However, these movements 
are “related only to the immediate s surroundings of the pillars. In order to 
determine whether the immediate surroundings are subject to displacement 


"relative to more remote surroundings, additional “safety” pillars (IV and 


‘Fig. are installed. possible directions are measured to the 
- various pillars, a complete net is obtained and it canbe adjusted by the method - f= 
of Least Squares. In this manner, the exact location of the observation pillars - 
can be obtained relative to the safety pillars. The orientation of the directions 
the various points on the dam is obtained atthe same time. 
The distance between safety and observation pillar is, generally, about 200 m 
7 ‘(660 ft). Because the mean error of an observed direction cannot be reduced : 
— below + iied (0.6 in. ), ‘the. mean error inposition of the observation pillar with 
SS, respect to the safety pillars amounts to roughly 1 mm. If, in the evaluation, — 
7 a displacement of less than, say, 1 mm is found, the results cannot be conr- . i 
_ sidered to be guaranteed. Then the position of the pillar should be determined 
relative to the reference marks. The mean error in position should be of the — @ 
magnitude of a few tenths of a millimeter. If, in the evaluation, itisfoundthat 
7 the displacement exceeds about 1 t 1 mm, the reference points cannot be used. 


Under such circumstances, the accuracy of location of the pillar is about one 
_ third of what it would have been if the reference points could have been used. i, 
Because the ‘distances: ‘om the observation pillars to to the dam will be 
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FIG. 1. .-—DISPLACEMENT MEASUREMENTS BY | 


mi. 2,-SIMPLE FORM OF A PILLAR NET WITH = 
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mately 200 m, the mean error in position of points on the dam should amount — 
toa little less than 3 mm, if the pillars are located by observations on the 7 
= ‘points; it will amount to as much as 1.5 mm, if the safety pillars 
are used for location of the observation pillars. 
7 _ The - “creeping” of the pillars referred to previously can be due to various 


causes, Only two of the causes shall be discussed, namely, creeping over an 


a 


| over an extended period of time due to 
= and lowering of the water level behind the dam, a part of the forward 


pillar displacement in | Switzerland has seldom exceeded a ¢ centimeter, 
stances are known in other countries of pillar displacements over a period of ; 
years of several centimeters, 3 shows displacements of an 
"period. downstream ‘movement of pillar A amounted to 14 mm 
: over a period of 5 yr. The relationship between displacement and water level 
is quite obvious. While the water level was rising in the period from Ato C, the _ 
_ displacement was downstream, Lowering of the water levelin the period from 
_CtoD, resulted in an upstream displacement. This phenomenon repeats itself. 
over the entire period of measurement. 
; _ The measurement of displacements in the position of the pillars related to 
the level of the lake is not as difficult as the determination of } eangee in the 


relative to the ground in which they are set, are due almost always to unequal | 
heating or cooling of the pillars, Generally, these displacements are not due 
to actual changes in the position of the entire pillar but to rotation of the pillar 
respect to its footing; there is no displacement of the bed rock or the im- 
mediate surroundings. As shown in Fig. 4, measurements made on a sunny © 
4 day in October indicated that the surface of the pillar was displaced with re- | 
spect to the ground by, 1.0 mm, in the course of 2 hr. ‘The position of the sur- 
face of the observation pillar was determined at 8:40 and 11:45 in the morning, 
and at 2:00, 3: 30, 3:50, and 4:00 in the afternoon. The precision shown by the © 
_ mean error ellipse of the first determination was the same for all ae 
tions, The creeping is real. It takes place along a straight line. As soon as ll 
7 temperature difference between the side exposed to the sun and the shady side 
exceeds a certain amount, in this case after 11:45 a. m., , the motion begins. It 


(of these surfaces, which the instrument or are set 


reversed when the temperature difference falls below some amount. These 
‘movements are not to they are not at 


measured has been known to geodesists for : a . long time. The displacement of 
_ pillars is not as well known because, for normal geodetic work, such displace- __ 
— = have no influence on the results. The situation is completely different 
when measurements are _made to determine displacements on dams. During 
measurements every precaution must be taken to prevent unequal heating 
or cooling of the pillars. These precautions are necessary for both wince | 
tion and target pillars. ‘The most elaborate precautions known to the writer 7 
7 were taken in Portugal. A rotating cupola with an observation slot was built 
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FIG. 3.—LONG PERIOD DISPLACEMENT OF AN 
__- VATION PILLAR IN THE VICINITY OF A DAM 
-INPORTUGAL 
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Because it is possible to the of observation pillars with 

an accuracy of tenths of a millimeter under favorable conditions, it is neces- 

sary to equip theodolites with special devices that can guarantee a centering | 

accuracy of a tenth of a millimeter . Figs. 5 through 9 show the accessories © 

_ manufactured by Kern and Wild for their instruments. In Fig. 6 the trivet | 

rests on three points. It is centered with the ball on the lower end of the tele- 
Sa scale. In Fig. a the upper part is tilted on the ball joint until the bull’ s- 7 


_ eye level is accurately, centered. Then the centering sleeve is directly above 
the station point the supporting surface for theodolite or target is horizon-— 


7.—TRIVET SEEN FROM ABOVE 


-— Basically the same problems are ‘encountered on dams and in landslide 
areas in determining the momentary position of observation stations. . Usually - 
it is very difficult to find points in the vicinity of landslides that do not vary 
_ in location. Frequently it is ‘necessary to tie in remote points, located on 
7 


than points ‘located on slopes of the valleys. The accuracy of 
the determination of the position of station points naturally decreases as the _ 
distances to the reference points increase. 
: a ¢ few examples will serve to clarify the problem. The first (Fig. 10), i 
concerned with measurements in the vicinity of the village of Peideninthe 
lower Lungnez Fig. 10 station points in the vicinity of } Pitasch- 
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FIG. 10.—DISPLACEMENT MEASUREMENT IN LOWER LUNGNEZ 
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Duvin- Camuns are marked with a single circle. ‘Third order triangulation 
_ points are marked with a double circle. In order to examine terrain move- 
"ment on the left side of the valley in the Peiden-Cumbels area, directions _ 
were observed from 1 four stations on the lowest terrace of the right side of 
the valley. was questionable whether the four” stations as well as 
_ neighboring third order points were fixed in position. To determine displace- a 
ments, the third order points were adjusted as an independent net and com- 
pared with Federal coordinates by means of Helmert transformations. No | 
- point showed any appreciable displacement. Then the four stations were 


located by multi- -point resection. . A comparison with the former coordinates — 


= LANDSLIDE | REGION OF SCHUDERS; on MARKS THE GYRENSPITZ 
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cm, toward the bottom of the valley. 
_ The second example relates to measurements in 1 Braunwald (Fig. 11). 
was assumed that points on mountain peaks and ridge lines had not Pronahe 
position since the fourth order triangulation was run 30 yr ago. Location and 
_ elevation nets were run to connect these points (marked with two concentric 
— circles in Fig. 11). Each net was adjusted independently . A comparison with 
Federal -coordin ates was made by means of Helmert transformations. 
_ into account the mean errors of the old and new measurements, as well as the 
fact that the two re were made in completely different ways, no 
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displacement was indicated. With reference to these points, some of the 
the slope” terraces showed | quite considerable movement. Fig. 


; In the landslide area of Schuders (Fig. . 12), it was extremely difficult to. i 
‘find fixed reference points for deformation measurements. In Figs. ‘12 and fl 
the third order triangulation points are marked with a triple circle. The area 
marked in Fig. 13 was examined for terrain movement and a rather dense 
triangulation net was established for the examination. Only the thirdorder | 
a points, indicated by two concentric circles, could be assumed as fixed. It was 
known that the third order point “Schuders” (three concentric circles), did not 
maintain a fixed position, However, it was necessary to use the point because 
without it a net could not be established. Because it could be located easily by 
resection from the fixed points, the procedure adopted was to compute its 
_ coordinates at the beginning and at the end of the measurements and to inter-— 
P _ polate between these values to obtain its location at a given time of observa- _ 
tion. Fig. 14 indicates that this procedure was reasonably correct. Displace- 
_ ment amounted to 12 cm overaperiodof four weeks. The mean error ellipses 
- _ indicate that it is a real displacement. Interpolation of position for a given : 
time can . be considered reliable because the check sight of September 6 is _ 
very close to the interpolated location and, furthermore, the interpolated _ 
location of September 15 lies within the mean error ellipse of that date, 7 
admittedly, it is a larger ellipse. 
all all these terrain measurements, changes elevation a as well a as 
_ in position are required, When triangulation methods are used, whether it be 
for the determination of slide movements or of deformations in structures, ; 
_ vertical angles are » measured as wellas directions. Here ; again the problem g 
finding points that do not vary inelevationis encountered. It is usually neces- | 
sary to utilize points that are distant from the structure or area in which the — 
_ ‘measurements are to be made. _ The precision with which elevations can be 
determined depends on the precision with which 1 the vertical angles 
measured and the length of the sights. 
When measuring terrain -movements, the mean errors of elevation 
about those encountered in conventional triangulation. A much higher pre- | 
- cision is obtained when determining the elevations of observation pillars used 
for the determination of deformations in dams. Inthe net connecting the pillars © 4 
_ all vertical angles are measured so the mean errors lie in the neighborhood — a 
of +20C (0.6 in.). Because of the short sights, a remarkably high precision is 
y obtained for elevations. After the adjustment of the net, it is possible to re- — 
duce the mean errors of the elevations of the observation pillars to 6.3 mm, 
This precision corresponds to that of good precise leveling. The precision = 
7 the elevations of the plugs inthe dam is not i as good. Mean errors in the eleva- 


“from the pillars to the plugs are | disturbed bed by abnormal refraction. 
oat The us use a triangulation for oe. determination of terrain movements and 
deformations in structures has several disadvantages. To begin with, the 
observations and computations - may extend over a of of days or 
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have been given. If information is s required on the. magnitude | of the 
displacements of a a few points that are not i in close proximity, bowed mean errors — 


triangulation ‘alate all points are located independently. ‘The displacement _ 
of points in a landslide area which are 100 m (330 ft) apart, , for example, can — 
be in error by several centimeters, whereas a direct measurement —_ 


“located ¢ can 1 be ‘measured directly, traverse will provide a a higher p: precision 
_ than triangulation. In any event, traversing is always preferable when direct 
7 - distance e measurements are practicable, For example, to determine terrain _ 
= ‘movements with a position : accuracy of - | cm, a traverse v using ‘conventional — 
surveying methods is satisfactory and far simpler than triangulation which © 
: would not provide as high a precision. Of course, it is necessary to determine 
the exact location of the initial and final point of the traverse. This can be 
_ done ad tying these points in with fixed points which are not subject to move- 7 
“Where greater accuracy is required suchas, for instance, in meanerrors of 
* less than 5 mm, with courses about 50 m in length, the measurement of both © 
distances and angles requires particular care. For the measurement of dis- . 
uring device. The precise testing of subtense bars and other measuring de- 
vices such as bars, rods, wires, and tapes cannot be done in a simple manner. | 
‘The measurement « of the angles presents difficulties because a centering» 1 
accuracy of roughly 1 mm is required. Such accuracy cannot be achieved with 
a plumb bob. It is necessary to use a carefully adjusted optical plummet or | 


centering rod equipped with a good bull’s- level. tripods facili- 


_ tance, particular care must be devoted to the proper calibration of the meas- 7 | 


_ Such traverses are well suited to the investigation of terrain movement if 
; a 7 the movement is is to be analyzed by studying the displacement of a large num- 7 
fe of closely spaced points. Usually these points lie roughly in a horizontal 
plane or on lines of steepest gradient. Fig. 15 shows an example of such _ 
measurement made in the landslide area of the village of Peiden. Peiden is 
it the center of the figure and Peidenbad at the right (compare with Fig. 10). 


The four observation stations on the right side of the valley were used as — 


slide” area by ‘forward and “combined resection. Traverses with an 
. ae length of 50 m were used to connect these triangulation points. The 


‘measured with a 2-m invar subtense bar. The centering tripod was used for 
centering. Tying in the end points ofthetraverses by triangulation was some- . S 
2 questionable because the location precision obtained by triangulation was _ 
no greater than that obtained by | traverse. Even so, the closure errors were q 
_ less than 2 cm throughout. The points were tied in by one of the conventional 7 


_ Traversing ote Way - - position accuracy of adjacent points of 3 mm to vy mm 


and ‘may be. as. short as m, when the traverse r runs through the control 
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FIG. 15.—DISPLACEMENT MEASUREMENTS IN THE LOWER 

LUNGNEZ VALLEY BY TRAVERSING 


= 


_ FIG. 16.—TENSION FRAME FOR INVAR WIRE EQUIP- 
_ MENT BEING USED ON LANDSLIDE MEAS- 
_UREMENTS IN OPEN TERRAIN "= 
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—— a: a a Both the measurement of distance with a mean error of the — 
order of magnitude of tenths of a millimeter and the measurement of the tra-_ 


- = angles by a theodolite with a mean centering error of not more than a 


tenth of a ‘millimeter, require special instrumentation. There must be exact © 
duplication of centering over a traverse station by theodolite and target. 
Special instruments that could provide such high precision were not avail- | 
able until recently; they had to be created. The fundamental concepts for these 
‘ieee stem in large part from the work of the Geodetic Institute of the . 
= Federal Institute of Technology; Kern and Co., Aarau,designed and 
“manufactured them. A basic principle in the development was to use —s =| 


uses with inexpensive auxiliary ‘equipment. Moreover, the auxiliary equipment 
was so designed ~— it could be used for various purposes rather than a single, 


1 for equipment with the same e purpose ‘that aif at fer fro from m the eq equipment described 


or 


t- 234 — 


_ veyor for base line measurement for over 50 yr, is the only method to be be 
considered, It is apparent from the abundant literature on the theory and 
practice of ver wire measurement, that the actual precision is substantially 
less than that which the intrinsic agreement of the observations would lead | 
one to believe. Systematic errors: that are difficult to comprehend, assert 
re€ | The application of the tension, the free 
‘motion of the sheaves, the : setting up of the wire in alinement and elevation 7 
on the measuring section with the help of the small scales, and the correction 
for sag are all critical. Particularly bothersome i are the cracks that occur. - 
from time to time in the wire or tape. 
_ For these reasons it has been customary for a long time to use more than ~ » of 
one set of equipment in making measurements, Three wires are used on all 
deformation measurements on structures just as is the case on base line — 
‘measurement. This precautionary action is found to be justified again and — 
again. . Observation of deformations in dams and tunnels has repeatedly shown ; 
that, during the course of the measurements, the length of one of the ane 


a4? 


will suddenly change by several tenths of a ‘millimeter. Such changes can be 
determined by a comparison of the results ofthe three wires and, after intro-_ 

z ducing appropriate corrections, measurements made with the changed wire 
can still be used. To determine the correction, the wires should be | compared — 
be measuring a test length in both directions with all wires. In addition, the - 
lengths of the wires ‘should be checked from time to time by comparison with : 

From the consistency of repeated measurements made with all. wires, a 
mean error that averages less than +0.1 mm can be computed. On the basis 
of information in the literature as well as the writer’ 8 experience since the 4 
: spring | of 1954, however, the mean error for traverse lengths of from 10 m_ - 
to 20 m measured with three wires, may be assumed to be £0.15 mm on the 4 ; 


The equipment developed for very precise measurement of distance in- 


cludes, in addition to a wire or tape of invar, a tension frame with hanging ~ 
weight, sheaves or pulleys for the wire connecting weight and tape, and an 
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the in The invar wire terminates ina short, "metal 7 
ae Tension is applied by a hanging weight of 10 kg, that is connected to the a 
_invar wire by means of an ordinary wire that passes over two pulleys. Ad- 

_ justing fixtures on the tension frame allow the metal scale to be moved later-_ a 

eps vertically to position ‘it correctly. Fig. 17 shows the tension frame - 
ay up for a measurement along a railroad rail. In Fig. 18, the index holder | 
with the reference mark and the bull’s-eye level, as wellas the metal scale >. . 


the invar wire, are clearly shown. Fig. 19 shows the measurement of distance 
between pins in pillars. Note the use of the pillar ‘ground plate, previously — 
mentioned, for the positioning of the reference mark over the pin. | en 
’- _ The problem of centering a theodolite set up on a tripod, with an accuracy 
; a tenth of a millimeter, is | easily solved with the double circle theodolite, 
‘because its alidade moves on aball bearing and no mechanical axis of rotation 
exists. Therefore, very accurate centering with the optical plummet, which is 
_ built into the alidade, is possible. Observations in diametrically opposite posi- 


~~ * of the alidate eliminate entirely angle and eccentricity errors of the 
optical plummet. A ball joint centering tripod with special arrangement for 
very accurate centering to a tenth of a millimeter is shown in Fig. 20 Y oa 


Similar adaption exists for the tilting-plate tripod. Centering is performed in _ 
two steps. First, preliminary centering is accomplished by plumbing the _ 
centering rod of the tripod using the bull’s-eye level attached to the rod. The © 
- mean error of this centering amounts to somewhat less than 41.0 mm. Then © 
7 precise centering follows, utilizing the optical plummet and the alidade level. e 
With a leveling accuracy of a half division, that corresponds to about 10in. 
at an instrument height of 1.4 m, a centering accuracy of less than 0.1 mm is , 
_ obtained. Thus, the high a accuracy of centering required for precise traversing - 
is attained. To check this centering, a test traverse should be run. Anyone ~ 7 ; 
doing it for the first time will devote considerable time to the centering 
ni & time is well spent | because, after a little practice, the average observer will q 
q ar find that he can perform the centering in less than 10 min. In any event, it is 
possible to measure 40 traverse angles inless than a day, as was demonstrated 
_in the case of one of the dams on which deformation measurements were taken. ¥ 


Good organization of the : survey party is a decisive factor; the theodolite and - 


targets must always be interchanged. 
_ The centering accuracy here computed has been verified by various test an 
measurements made at the Geodetic Institute. However, important corrobora- _ 


tion has resulted from triangulation closure and errors 


4 
structures. 


and in the angles of ~10¢c¢ (3. 2 in, ). Therefore, the central point of a ip enn 
400 m Jong with sides of 11 m, has a mean error in the direction of the tra- 
_verse of = *0. 5 mm, , and transversely, of =2. mm. mean error of the total 


of the greatest importance that adjacent points be with respect to to 
one another with an of a few tenths of of a millimeter. 


arbitrary locations or bet sin railroad rails. Fig. 16 
a shows the tension frame with hanging weight andconnecting wire, arrangedto 
a ae measure the distance between metal pins cemented into deep pedestals. The [im 
q 
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Using the invar wire and the special centering, traverse measurements ay 
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r FIG. 19.—WIRE MEASUREMENT ON A PILLAR USING A TRIVET | 


=> FIG. 20.—BALL JOINT CENTERING TRIPOD WITH SPECIAL 
ARRANGEMENT FOR VERY ACCURATE CEN- | 


TO A TENTH OF A MILLIMETER -_ = 
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will be used demonstrate precise t 


‘nue was laid out in the ‘uppermost c control | gallery, only a few ose a 
below the crown. The lengths of the traverse sides were so chosen that two __ 
_ traverse points were located on each block of concrete at this lift. In order 
to connect the traverse with the pillar network, the points defining the tra- 
verse line at each end of the traverse were transferred to the crown of the | 
_ dam, The offsetting and plumbing equipment used was sufficiently precise to 
maintain a a positioning accuracy of tenths ¢ of a millimeter. r. Measuring se sections 


com arison Sections 
ction 


ID 


were installed in the adjacent road tunnel for the. comparison of the measuring ba 
wires. 22 shows the of the traverse used in the control 


shown are the index carrier with its conical point, the bull’s-eye level, —— 


measuring mark, as well as the cylinder with screws and springs used to 
’ plumb the index carrier, Fig. 23 shows a survey party measuring a traverse 
angle. Fig. (24 shows a target set up ona tripod. A distance measure made 


with an invar wire is shown in Fig. 25. Note the two tension frames and the 


The results of traverse measurements made in the spring of 1956, the 
fall of 1956, , and the spring of — are om graphically in Fig. 26. The 
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FIG. 22.- POINT AS USED IN THE CONTROL GALLERY 


‘FIG. 23.—TRAVERSE ANGLE MEASUREMENT, USING SPECIAL 
CENTERING TRIPOD 
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Measured on the crown of the dam _ 


Between the fall of 1956 and the spring of 1957 
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Between the fall of 1956 and the spring of 1957 
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scales used are: plan, 1:2000; displacement of traverse stations, 1:2; mean 
ellipse of connecting points | 633H and 604H, 1:2 , computed from the 
. closure on the pillar net. It is apparent that the forward motion of the crown 
; 3 a full reservoir ‘corresponds approximately to the backward motion with > 1 
an empty reservoir. It also” apparent that movement is not symmetrical 
about the midpoint of the dam. A fact particularly worthy of note is that the 
filling of the lake puts the western abutment in motion toward the valley, 
whereas the eastern n abutment moves" upstream. These opposed motions indicate 
= there isa a point in the uppermost gallery that does not vary in position as 
the lake is filled or emptied. ‘This point lies between traverse | stations 7 and 8, 


= ‘FIG. 28. —RAILROAD BRIDGE OV OVER THE LANDQUART RIVER 


The | deformation clearly that the high precision of the tra- 
verse is necessary in order to comprehend the unsymmetrical behavior of the 
dam, Uplift and settlement of the traverse stations are closely related to 
horizontal displacement. Vertical motion was determined by precise leveling. 
Fig. 27 shows that the dam in the vicinity of traverse station 24 rises about 
Tt mm when the lake is filled, and settles about the same amount when the lake © 
is: emptied. Whereas west abutment does not vary in height, the east 
-. abutment rises as the lake surface falls and settles as the lake fills. ° Tra- 
verse stations 7 and 8 remain fixed in elevation regardless of the 
, plan, 1: 2000; vertical displacement, 5:1 
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The second example relates: to measurements on the loop tunnel 
a 6 of the railroad at Klosters. It has been known for a long time that landslide 

F movement is taking place on the Davos side of the Landquart River and = 
3 tunnel is, consequently, endangered. Whether the landslide movement is — 


same for all ‘sections of the tunnel or the central section of the 


only by displacement measurements. It is obvious that ‘such problems c can nbe 
solved only by running a traverse through the tunnel. The traverse Taid ou out Rin 

_ The end points of the traverse were tied aie iar triangulation, utilizing — 
triangulation stations on the right bank of the Landquart River, that could be 
assumed to be free of displacement. Fig. 28 shows the first triangulation 
scheme which involved the measurement of individual sides using the two- 
meter invar subtense bar. The connecting net between fixed points on the right 
‘bank of the Landquart River and the arrangement of the traverse in the tunnel 

are shown schematically. The final triangulation scheme, shown in Fig. 29, 
had a base line between stations 83 and 84 on the railway : station grounds, that | 
- was measured with invar wires. Because traverse points on the ties or on the 


rails in the tunnel would be subject to displacements not related to tunnel dis- :* 
placements, it was decided to drive metal spikes in the brick walls of the tun- ; 7 


nel (Fig. 30) and locate these spikes by intersection from traverse points. 
Information on displacement of the points is givenin Fig 31. It is obvious that 
the central section of the tunnel remains fast while the portal sections arein _ 


The use of precise traversing seems to be limited to displacement ‘meas- 


urements structures such as dams, bridges, and tunnels, out out again 
However, it is also useful for terrain displacement 
earth slides can be detected by very accurate distance measurements with 
tape or wire. ‘The example to be investigated is a limited area of perhaps 7 
100 m by 100 m, within alarger earth mass, all parts of which have a similar 
‘motion. The traverse method can then be used by constructing pedestals in 
; the ground and , from time to time, measuring the distances and angles between 7 
= hea pedestals. An example from the slide zone of Peiden is shown in Fig. 32. _ - 
Through accurate measurement of distances and elevations it was to be deter- 7 
' ‘mined whether the movement in the partial area is uniform. Pedestals were | 


: aa results of the measurements | are > shown in Fig, 33. In ‘the vertical leg and 7 
- the western section of the horizontal crossbar, the displacements are, for the | 7 
most part, less than 1 mm. The displacements in the eastern section of th the 
Besipencises crossbar indicate a definite unbalanced motion although, to be sure, 
so of these acai: Samael did not exceed 4 mm over a period of 


should also be out ‘that deformations on dams can be determined 
by measuring vertical angles. Usually pendulums are hung in the vertical - 
_ shafts of dams and displacements Grtormined by measuring the distance from | 
the pendulum wire to the walls of the shaft from time to time. This simple 
- ‘method that yields relative, but none the less, very ry accurate ‘results, is “a 
cable Only tovertical shafts, 
ae In inclined shafts, Icramangen angles are measured either from | a pillar at the 
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FIG. 29.-KLOSTERS TUNNEL 
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— FIG, 91.—DISPLACEMENT OF THE SPIKES BETWEEN 1953 
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sight, it is necessary to make careful level measurements: (of the ead hell 
ss of the theodolite) on each : sight and correct the measured vertical “ee 

accordingly. Accurate observations and acceptable procedure yield deformation 

curves that are only yas inferior in precision tc to those obtained from pend- ‘ 


In both the ain and the vertical angle ‘method, the fact that the a 
_— is not identical for maximum and minimum water levels must be con- | 

- sidered. The change in the direction of the plumb line can be determined ty 
troublesome computations based upon the water surface elevations. It should be 
ao that estimation of this change will not yield accurate deformation 
_ data or even approximate data. The angle changes are very small. Ona high 
dam and depending upon the : shape of the reservoir, the change amounts to a 
few centesimal aun at most and is da the order of magnitude of the meas- 


Geodetic methods almost always” require more work than 
other methods, but only geodetic methods can be used to relate the direction © 
and magnitude of displacements to fixed points outside the area of movement. bai 
The work involves careful planning, good organization, and special equipment. 
_ Triangulation has several disadvantages, particularly when the displace- 7 
ment of adjacent points must be determined. Traverse will provide a higher 
precision than triangulation when the distances between points to be located 
_ can be measured directly. Traverse is always preferable when direct distance « 


_ Precise traverse is particularly suited to the determination of deformation 


_ measurements on structures such as dams, bridges, _and tunnels. Its applica- 
tion to the measurement of terrain movements is more limited. =~ 
iss Measurement of distance with high precision is still made with the a 
wire or invar tape. However, ‘special and constant calibration are 
‘re equired to “maintain 
“¢ precision in angle measurement, special equipment ‘that provides quick and 


curate centering is necessary. 


Tis paper was translated into English from the original German by Paul 


» artman, F. ASCE, Prof. and Chmn, of the Civ. Engrg. Dept., ., The City College 
of New York. The paper is re-published with permission from the writer and 
= from Remcineriocns Bauzeitung,” ” where it was first published in Vols. 12 
and 13, March, 1958. Figs. 10 and 13 are reproduced with permission of the 
iss Federal Topographic Survey of March 7, , 1958, 
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hleaea FOR THE LAKE PONTCHARTRAIN BRIDGE Ea 
Discussion by ‘Shu-t’ ien 


SHU-T’IEN LI,2 F. ASCE. —The a author has presented a lucid account of the 
_ overall survey control for the 23.8-mile Lake Pontchartrain Bridge over open 5 
_ water. The control measures used prior to and during construction achieved — 
: the required accuracy in an expedient manner. Even though the author has a 
_ emphasized only main features of the control without going into refined 
technical aspects, his paper constitutes significant account of handling an 
__ extremely large location and constructions survey under unusual circumstances. | 
pry Vertical Control.—This paper is concerned with geodetic control. In his 
- introduction, the author states, “It was decided that the overwater length of — 
gs bridge should be a straight line, or great circle, , Connecting 2... 8: on 
_ Undoubtedly, the author is aware of both geodetic horizontal and vertical 
apm He has, however, presented all main features concerning horizontal “_ 
7 control, but has only implied in the preceding quote the vertical control. 
Some further treatment of this subject would enhance the paper, 
In this particular bridge, as Wayne F. Palmer, F. ASCE, of the consulting — 
“engineers who designed this bridge, has said, “Ifthe deck were kept 1 level and 7. 
did not _ follow the contour of the ‘earth and took off tangent at one shore, at 7 
would be 380 ft high at the opposite shore.3 
— would be interesting : if the author would give a short technical account 
of the vertical, geodetic adjustment in his closing discussion, though the 
readers are presumably familiar - with the fact that the corrected ‘ctenniielinn 
net has, in practice, been brought to the sea-level surface of the earth. 
Horizontal Control.—In this project, as well as in many others in the | 
. United States, % thanks go to the U. S. Coast and Geodetic Survey (USCGS) for 
its painstaking and precise chains of first- and second-order triangulations 
: that have been partially established during the past decades. Such chains have 
facilitated both speed and accuracy in the survey control for particular pro- — 
If the triangulation chain shown in Fig. 5 were entirely a new control 
= it would have been better to avoid a few of the distance angles that 


appear less than 30°, to strengthen the length computations. Yet, the writer 
met commends dual ee ba the partial existing chain and the new 


a January 1961, by James M. Tuttle (Proc. . Paper 2703). he 
2 Chf. - Tech. Writer, Palmer and Baker Engrs., Inc., Cons. —— Ala. 
3 “The 24- Mile Lake Pontchartrain Prestressed Bridge, ” ” by Wayne F. Palmer, 
Proceedings, World Conf. on Prestressed Concrete, San Francisco, Calif., July, 1957, 
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‘The USCGS has done significant aii The writer has done extensive 
- geodetic control work. One was in connection with the development of the > 
a ‘Port on the Gulf of Pohai, North China and another in the | 
inauguration of the whole water-shed survey of the Yellow River Valley. In 


both cases, ‘there were previous surveys nor nearby existing control 
a ‘The development | of ‘the Great Northern Port began in 1929. It involved an 
triangulation net covering the continental shelf for hydrographic 
survey, a great port district intended for world commerce throughout the year > 
“a a cold climate, and immediate hinterland for projecting railway, highway, _ 
and waterway connections to existing transportation § systems, -meteorogical © 
_ Before the Yellow River Commission was created in 1933, the writer, — 
introduced the control survey, consisting of triangulation nets and precise 2 
leveling loops, covering the lower reach of the Yellow River. In 1933, this” 
work was” extended to the entire Yellow River system whose main course is 
more than 2,900 miles with a drainage basin of ayproniansiety 205,000 sq - 
miles. By survey work had _ advanced into the: the upper reach and 
‘To was necessary control surveys of extensive 


magnitude, ogy schedulin of work, establishment of ‘standards, 7 


training « of ‘crews, _ unfolding progress ‘in: an n efficient and eporationsl manner, _ 
and a of office control, computation procedures, and mapping 
In the United States, information on federal control surveys can be ob- 


4 tained from either the USCGS or the Map Information Office of the U. S. * | 


_ Geological Survey (USGS). Although their triangulation stations and lines may 
- not be suitable in a particular case for use as base lengths, they will usually 
supply a starting azimuth and a state plane- coordinate position, These are 
often lacking in less developed countries. The latter require well trained and 
‘rae engineers to cope with their multitude of f engineering problems — 
‘The Heritage and The Future. —Civil engineers have a heritage in n survey- | 
p ing and mapping. While it is an art that is as old as any other branch of civil 
engineering, consideration of geodesy, geodetic astronomy, map projections, 
adjustments | of observation, and astronomical computations shows it to be as _ 
scientific and mathematical as any other branch, The introduction of photo- 7 
grammetry, automatic reduction and plotting, sonic and 
—_ made it as modern as any other branch of civil engineering. ae eee 
_In 1920, the first-rank institutions required extensive discipline: in geodetic 
engineering. However, both basic and advanced courses in surveying and : 


_ mapping have been gradually squeezed out of civil engineering curricula and 


projects have grown in imagen, extent, and complexity on earth; advance a 
plans for mapping other planets and locating ‘space stations must be kept 
abreast of the development of the space program. 

a The space program offers an amazing potential for making presently in- 
accessible measurements. In the spring of 1961, Wallops Island researchers 
the National Aeronautics Space hope t to pin 
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For better maps, the U. S. Air Force’s Research 
is working on use of small sounding rockets to establish geodetic bench 
marks in space. The Air Force plans, in the spring of 1961, , to map the dis- _ 
tance between 35 locations along the Eastern seaboard, from Cape Cod in 
"Massachusetts down to the Caribbean, , by y making observations of a rocket-_ 
‘The idea ‘is simply to. photograph the flare. simultaneously from all the 
Bem locations; then, by computations of the varying angles between the — 
earth’s surface and the line of sight toward the flare, the distances can be 
figured between each of the points on the ground. “We feel ‘we can double the 
accuracy of conventional measurements by this method, going from a pre- 
cision of one part in 100, 000 t to one part in 200, 000,” says Paul Swenson, an 


While ; aerial survey and soil-type identification have long been an inter- 
~ technological development, the future potentialities of surveying and mapping 


will unfold as an inter-science discipline. 
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